introduction: The incidence of deep infection using a synthetic mesh in inguinal hernia repair is low and reported to be well below 1%. This is in contrast to incisional hernia surgery where the reported incidence is 3% respective 13% comparing laparoscopic to open mesh repair reported in a Cochrane review. Main risk factors were long operation time, surgical site contamination, and early wound complications. An infected mesh can be preserved using conservative treatment were negative pressure wound therapy (VAC ® ) could play an important role. If strategy fails, the mesh needs to be removed. This review aims to look at evidence for situations were a biological mesh would work as a replacement of a removed infected synthetic mesh.
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Materials and methods:
A literature search of the Medline database was performed using the PubMed search engine. Twenty publications were found relevant for this review.
Results: For studies reviewed three options are presented: removal of the infected synthetic mesh alone, replacement with either a new synthetic or a new biological mesh. Operations were all performed at specialist centers. Removal of the mesh alone was an option limited to inguinal hernias. In ventral/incisional hernias, the use of a biological mesh for replacement resulted in a very high recurrence rate, if bridging was required. Either a synthetic or a biological mesh seems to work as a replacement when fascial closure can be achieved. Evidence is though very low. In a review (6), the reported incidence of mesh-related infections following hernia repair was between 1 and 8% in different series. The incidence was influenced by the underlying comorbidities, type of mesh, surgical technique, and the strategy used to prevent infections. Risk factors to determine the onset of mesh infection were a prolonged operation time (7, 8) , the extent of contamination of the surgical site (9) , and early complications of the wound (seroma, hematoma, and infection) (8) . In the Cochrane review of laparoscopic versus open surgical techniques for ventral or incisional hernia repairs, the overall infection rate was 13% after open and 3% after laparoscopic mesh repair (10) .
Prevention of mesh infections continues to be the best strategy (11) . Not all infections necessitate mesh removal. In the Cochrane review, only 3.3% of meshes had to be removed following open and 0.7% following laparoscopic ventral and incisional hernia repairs (10) . It was possible to preserve 17 (55%) of meshes through conservative treatment in a case series of 31 infected meshes after incisional hernias repair (7) . In a study on in ventral hernia repairs by Liang et al., a total of 30 out of 407 (7.4%) were re-operated due to an infection and the mesh could be saved in 10 out of these 30 (33%) (9) . Reoperations were performed evenly spread from operation up to 10 years after the primary operation. In another series, it was possible to preserve 12 out of 13 (92%) were VAC ® was used in addition in 11 patients (12) . The rate of mesh removal due to infection following inguinal hernia repairs was reported to be 0.13% (13) . The interval between hernia operation and mesh removal could be up to 10 years or longer.
In a review by Darehzereshki et al. including eight retrospective studies, with a total of 1,229 patients comparing different biological to synthetic mesh repair in ventral and incisional hernias. It was demonstrated that biological grafts were associated with significantly fewer wound infections (p < 0.00001) but with no difference in recurrence rate (14) .
The aim to look at evidence for situations were a biological mesh would work as a replacement of a removed infected synthetic mesh.
MATeRiALS AnD MeTHODS
A literature search of the Medline database was performed using the PubMed search engine. The following key words were used: biological mesh, replacement of infected mesh, ventral hernia AND infected mesh, inguinal hernia AND infected mesh, mesh infection AND biological mesh, infected synthetic mesh AND biological mesh. Two thousand five hundred one citations were found. After checking the title and abstracts, 20 publications remained included in this study. Seven of these publications, four case series and three case reports, do report on the replacement of a synthetic by a biological mesh ( Table 1) .
The treatment options were removal of the infected mesh alone, replacement of the infected with a new synthetic mesh, and replacement of an infected synthetic with a biological mesh.
ReSULTS

Removal of the infected Mesh Alone
In the following two studies, a total of 47 patients with mesh infection were treated by means of partial or complete mesh removal. Neither a synthetic nor a biological mesh was implanted to replace the explanted mesh.
In a retrospective case series by Akyol et al., 15 mesh removals were performed after inguinal hernia repair because of chronic mesh infection in 14 males and 1 female with a median age of 52 years (range 35-75 years) (13) . At the time of presentation, 13 patients had chronic sinus at explanation, while 2 had abscesses. The interval from hernia repair to mesh removal was 4-204 months. The infected meshes were completely removed. None of the patients had the transversalis fascia reinforced, due to thickening by fibrosis from the former mesh. Follow-up was performed median 62 months (range 16-115 months). Infection resolved successfully in all patients. One patient reported paresthesia and another developed a recurrent hernia.
In a retrospective case series by Tolino et al., 32 mesh removals were performed due to chronic infection, 22 after incisional and 10 after inguinal hernia repair (8) . The interval from repair to mesh removal ranged from 4 to 60 months. A total of 51 operations in the 32 patients were needed for definitive treatment, including partial or total mesh removal. The average follow-up was 40 months (range 30-97). Five hernia recurrences and one intestinal fistula were observed after incisional mesh removal. One recurrence and one fistula developed after inguinal hernia mesh removal.
Replacement of the infected with a new Synthetic Mesh
In a single surgeon case series by Birolini et al., a 16-year retrospective review based on a prospective protocol was carried out in 41 patients having had ventral hernias surgery with their meshes removed (15) . A total of 27 patients had a supportive infection and 14 had an exposed mesh. Bowel resection or an associated contaminated procedure was performed in 15 patients. An onlay polypropylene mesh was used for replacement in all patients. In the short-term follow-up, all, except one mesh, could be preserved. Three recurrences were seen after a mean follow-up of 74 months, out of which one was associated with an intestinal fistula. A total of 95% of the patients were considered cured from their chronic mesh infection. It was concluded that onlay polypropylene mesh yielded favorable outcomes, for high-risk ventral hernia patients, having an infected synthetic mesh removed in a single-stage repair setting.
Replacement of the infected with a Biological Mesh
In the following six studies (three case series and three case reports), a total of 92 patients with mesh infection were treated by mesh removal followed by implant of a biological mesh in ventral hernia patients.
In a retrospective case series, Albino et al. reported on 27 patients with an infected synthetic mesh treated with a multistaged approach (5). The initial surgical procedure consisted of abdominal exploration with debridement and mesh removal followed by VAC ® therapy. In the second stage, all patients underwent component separation and hernia repair reinforced by porcine acellular dermal matrix (PADM). Primary fascial closure was achieved in 21 (78%) of patients (19 meshes placed underlay and 2 onlay). Bridging was performed in six (22%) patients. The average follow-up was 32 months (range 8-52 months). Six (22%) patients were found to have wound dehiscence and five (19%) of these had had clinical evidence of a surgical site infection. Wound healing was achieved in all patients in average after 8 weeks (2-60 weeks). Five (19%) patients developed a recurrent hernia. Both bridging and a postoperative infection were found to increase the risk of a hernia recurrence (p = 0.03 and 0.001, respectively).
In a single institution, Rosen et al. reported on 128 patients who had a single-stage reconstruction using a biological mesh in a contaminated field, of whom 45 (35%) were operated on for a simultaneous removal of a contaminated mesh (16) . The mesh removal patients were not reported on separately. A total of 27% of operations were considered "dirty" according to the CDC classification and would probably include most of the mesh infected patients. A total of 66% had a retromuscular and 31% an intraperitoneal mesh repair. Component separation was performed in 70% of patients and fascial closure was achieved in 94%. Overall wound morbidity was seen in 61 patients (48%), of whom 28 were re-operated and 33 managed by local treatment of the infection. All wounds resolved within 60 days. At a mean follow-up of 22 months, 31% recurrences were seen. It can be concluded that using a biological mesh in these situations is safe, but the long-term durability seems to be less favorable, even when fascial closure has been achieved.
In a retrospective case review by Guerra, 13 patients had an infected synthetic mesh removed after former incisional hernia surgery (17) . Mesh replacement was performed with a porcinederived acellular dermal matrix. The mean age was 60 years. Comorbidity was high. Facial closure was achieved in 11 and bridging in 2 patients. One wound infection, one seroma, and two hernia recurrences (both bridged patients) were observed at a median follow-up of 22 months. It was concluded that outcomes were favorable in high-risk patients with infected synthetic mesh if bridging was avoided.
Two patients were presented in a case report by Cavallaro et al. where one preperitoneal Prolene ® mesh and one retromuscular polypropylene mesh were extracted and replaced with a retromuscular bovine pericardium graft. No complication and no recurrences were reported after 5 and 4 years, respectively. Closure of the gap was not reported on (18) .
In a case report, Peppas et al. described drainage of an infected ePTFE together with a macro porous onlay polypropylene mesh for 1 month. The meshes were extracted and replaced by porcine onlay mesh (19) . No complications were reported up to 6 months. Two patients were reported by Coccolini et al. having a surgical site infection after a double-layered PP-e PTFE retromuscular mesh repair (20) . The first patient had a surgical site infection that discovered with substantial abdominal wall tissue loss 2 weeks after the operation for a recurrence. After 2 years of conservative treatment, the patient underwent mesh removal and retromuscular reconstruction using an acellular porcine dermal collagen cross-linked implant (CollaMend™). The second patient had an infection resulting in a sinus. The mesh was removed and replaced by a porcine mucosal non-cross-linked implant (Surgisis™). At 37 respective 35 months after the operation, the patients demonstrated no evidence of recurrence. The description of the technique used in these two patients implicates a bridging procedure (20) .
DiSCUSSiOn
Mesh procedures are standard practice for surgical repair of both inguinal, ventral and incisional hernias (1) (2) (3) . As the number of hernias treated worldwide continues to grow, also the number of hernia meshes implanted each year rise inexorably. Mesh infection rate in inguinal hernia surgery is below 1% and is not regarded as a clinical problem. However, surgeons often have to deal with mesh infections after ventral and incisional hernia surgery, which is estimated to be between 1 and 8% (6) . The primary treatment modality is conservative. This is successful in eliminating mesh infection in over 50% of cases without mesh removal (7, 10) . The most common bacterial agent is Staphylococcus aureus. With increasing proportion of methicillin resistance (MRSA), the treatment options in long-standing wound infections might be problematic to handle (11) . There are no recommendations on how long a conservative regime is acceptable. Polypropylene and polyester meshes can be saved in a higher proportion that a laminar mesh-like ePTFE. Extensive ePTFE mesh infections are best managed by mesh explantation (11) . Pros and cons must though be weighed against each other according to the scenario presented. If conservative treatment fails, the mesh must be explanted (8, 15) .
In mesh infection, biological meshes are increasingly used for replacement as synthetic meshes by some are regarded as contraindicated (5). The publications included in the present review demonstrated that there were three approaches that could be taken depending on the individual patient situation. The first option was to remove the infected mesh without a new implant. This is the most common option after inguinal hernia surgery, since the transversalis fascia is thickened by fibroses after the mesh removal (13) . Using this approach, no inguinal hernia recurrence was seen on mean follow-up of 62 months in a case series (13) . This does, however, not apply for incisional and ventral hernias. Tolino et al. reported on a recurrence rate of 23% after removal of an infected mesh following incisional hernia operation without reimplantation of a new mesh (8) .
The second option was to replace the infected polypropylene mesh with a new polypropylene mesh (15) . The short-term results showed a relative uneventful postoperative course after mesh replacement in 27 patients. Six (22%) patients developed a minor wound infection and were treated with dressings and antibiotics, five (19%) patients had wound infections requiring debridement and one required complete mesh removal. On follow-up, there were three hernia recurrences, one with an enterocutaneous fistula. Ninety-five percent of the patients undergoing mesh replacement were considered cured from chronic mesh infection after a mean follow-up of 74 months (15) .
The third option was to replace the explanted synthetic mesh with a biological mesh (5, (16) (17) (18) (19) (20) . Long-term results were successful only if bridging was omitted (5, 16, 17) . An unacceptably high recurrence rate was observed following bridging with biological meshes (5, 16, 17) . When bridging was avoided, good results were obtained for replacement of an infected synthetic mesh with a biological (5, 16, 17 ). An algorithm for treatment of ventral/incisional hernia mesh infection is presented in Figure 1 .
It can be concluded that a mesh can be saved in more than half of patients suffering from an infection after implantation of a synthetic mesh for an incisional hernia. If mesh explanation is necessitated a replacement seems safe either using a synthetic or a biological mesh if fascia could be closed. Bridging seems to result in a high failure rate using a biological mesh. Further studies are needed to create a better evidence-based platform for specific therapeutic decision-making.
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